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Description 

This invention relates to a transducer for mea- 
suring loads and displacement, and is particularly 
concerned with providing a very small transducer, 
electro-mechanical in operation, which is very sim- 
ple and has a good signal output for minimum dis- 
placement No moving contacts are necessary. 

Various devices exist for measuring loads and/or 
displacement Some are spring type devices which 
require relatively large movements. Others com- 
prise lengths of resistor wire, usually in the form of 
a tight zig-zag, the resistance varying depending 
on stress applied to the wire. These require accu- 
rate positioning. Other devices have sliding con- 
tacts, which can cause errors in signals, and are 
not suitable small displacements US-A-2 752 558 
describes an electric transducer comprising two 
electrodes separated by a flexible conductive mate- 
rial. The application of a force to the upper elec- 
trode, the end of which is spherically shaped, urges 
the two electrodes together, deforming the Interme- 
diate material and increasing the area of contact be- 
tween the upper electrode and the material, hence 
increasing the electrical conductance of the circuit 
connecting the two electrodes. The Increase in con- 
ductance provides a measure of the applied force. 

The present invention makes use of a particular 
form of elastomeric material. The material consists 
of alternate layers of flexible dielectric and flexible 
conductive material. A typical example is alternate 
layers of a conductive ink and dielectric, one exam- 
ple of a conductive ink being one containing finely 
divided silver. The thickness of the layers can vary 
considerably. 

In the broadest aspect, an electro-mechanical 
transducer comprises a body of elastomeric materi- 
al, the material having a plurality of alternate layers 
of flexible dielectric material and flexible conductive 
material; two electrodes positioned on one side of 
the elastomeric material and an actuating member on 
the other side of the elastomeric material, the two 
electrodes spaced laterally and the layers of the 
elastomeric material extending generally normal to a 
plane between the electrodes and the actuating 
member. Movement of the actuating member to- 
wards the electrodes brings an increasing number 
of layers of conductive material into a parallel cir- 
cuitry between the electrodes. The elastomeric ma- 
terial may be mounted on a support member, the 
electrodes being between the elastomeric material 
and the support member. Alternatively, the elasto- 
meric material can be mounted on the actuating mem- 
ber. The surface contacting the layers can be 
curved - convex - or the elastomer material can be 
mounted on a curved surface. 

The invention will be readily understood by the 
following description of certain embodiments, by 
way of example, in conjunction with the accompany- 
ing drawings, which are to a considerably enlarged 
scale, in which:- 

Figure 1 Is a side view of one form of transducer; 
Figure 2 is a top plan view of the transducer of 
Figure 1 ; 



Figure 3 is a cross^ection on the One Ill-Ill of 
Figure 1, showing the electrodes; 

Figure 4 Is a cross-section, generally on the fine 
IV-IV of Figure 2, showing an initial contact condi- 
5 tlon; 

Figures 5 and 6 are cross-sections similar to that 
of Figure 4, showing two stages of progressive 
movement of an actuating member; 

Figures 7, 8, and 9 are views on the bottom sur- 
10 face of the elastomeric material, Illustrating the pro- 
gressive increase in contact area on progressive 
movement of the actuating member; 

Figure 10 is a cross-section Illustrating a further 
embodiment; 

15 Figure 11 is a further cross-section illustrating 
another embodiment; 

Figure 12 is a view similar to that of Figure 1 illus- 
trating an alternative embodiment; and 
Figure 13 Is a further view similar to thai of Fig- 
20 ure 1 illustrating a further alternative. 

Illustrated in Figures 1, 2 and 3 is one form of 
transducer. A support member 10, of electrically In- 
sulating material, has two electrodes 11 and 12 

25 formed on a support surface. The electrodes are 
spaced laterally, there being a small gap 14 between 
the electrodes. In the example, the electrodes 1 1 and 
1 2 extend round the sides of the support member on- 
to its other surface. Electrical connections are 

30 made to the electrodes at 15 and 16 via leads 17 and 
18. A body of elastomeric material 19 is mounted on 
the support surface 13 and In contact with the elec- 
trodes 11 and 12. The elastomeric material is com- 
posed of a large number of layers comprising alter- 

35 nately a flexible dielectric layer and a conductive 
layer, indicated at 20 and 21. The layers extend gen- 
erally normal to the support surface 13, the ends of 
the layers being exposed at a contact surface 22. 
Opposed to the elastomeric material is an actuat- 

40 Ing member 25, having curved surface 26. In the ex- 
ample, the surface 26 is spherical. At least the sur- 
face 26 Is electrically conducting. Conveniently the 
piston 25 Is of conductive material. The actuating 
member moves in a direction normal to the support 

45 member, in a direction generally parallel to the lay- 
ers 20, 21 as Indicated at 27. An electrical input is 
applied via one of the leads 17 and 18, and an output 
taken from the other lead. 

Initially, the actuating member can be positioned 

50 so that the surface 26 is not touching the elastomer- 
ic material. Alternatively it can be arranged that the 
surface 26 is in contact with the elastomeric materi- 
al. If the diameter of contact Is less than the dis- 
tance of the gap 14, no output signal will be pro- 

55 duced. If the area of contact Is greater than the 
gap, then an initial signal will be produced. As the 
actuating member is moved into increasing contact 
with the elastomeric material, so the surface 26 
moves Into contact with the successively increas- 

60 ing number of conducting layers. Effectively, each 
layer acts as a resistor and increasing area of con- 
tact brings an Increasing number of resistors into 
an electrically parallel relationship. The resistive 
path between input and output therefore decreas- 
es es, giving an increasingly output signal. Also, In ad- 
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dition to the number of layers being contacted in- 
creasing, the length of contact between each layer 
and the surface 26 - normal to the plane of the 
sheet In Figure 1, also increases. The curve of the 
surface 26 will determine the curve of the output 
slgnaL 

Figures 4 to 9 Illustrate the initial contact be- 
tween surface 26 and the elastom.eric material 
(Figure 4), two stages of progressive movement of 
the actuating member towards the elastomeric mate- 
rial (Figures 5 and 6) and three examples of increas- 
ing contact area between surface 26 and the elasto- 
meric material (Figures 7, 8 and 9). The contact edg- 
es of the layers 20 and 21 are seen, the increase in 
number of layers contacted and the increasing 
length of contact with the layers. The spaced op- 
posed edges of the electrodes 11 and 12 are indicat- 
ed by dotted lines 30. 

The curve of the output signal can be varied by 
varying the shape of the electrodes 1 1 and 12 where 
they are in contact with the elastomeric material. 
For example, the electrodes can be of decreasing 
width as they approach each other, as indicated by 
the chain dotted lines 31 and 32 in Figure 3. Such 
variation of shape will modify the increase in length 
of contact between surface 26 and the layers 20 
and 21 as the piston is moved. The shaping of the 
electrodes can provide for a linear output curve. 
The output signal can also be varied by varying the 
thickness of the layers 20 and 21. As an example, 
the total thickness of a compound layer, that is, a 
layer of flexible dielectric plus a layer of conductive 
material, can be .005 inches. This is the pitch of the 
layers. However, this dimension can be increased if 
desired. 

As described above, the body of elastomeric ma- 
terial effectively acts as a plurality of resistors in 
parallel, for example, each layer 20 being a resistor. 
Increased contact between surface 26 and the elas- 
tomeric material increases the number of resistors 
in parallel. Also, the increasing length of contact 
with a layer effectively decreases the resistance 
of that layer. The output is normally connected into 
a bridge network, in series with a resistor of con- 
stant value, and an output signal abstracted in the 
normal manner from the bridge circuit It can be ar- 
ranged that the constant value resistor be part of 
the transducer assembly. 

Figure 10 illustrates an arrangement providing a 
constant value resistor. In the example, the body of 
elastomeric material 19 is extended laterally, at 19a, 
and an additional electrode 35 is attached to the sur- 
face of the portion 19a remote from the support 
member 10. The electrode extends over the width of 
the extra portion 1 9a also and terminal 1 6 and lead 1 8 
are the input to the device. A further contact 36 is 
provided on the electrode 35 and a lead 37 extends 
from the contact 36. The main portion of the body of 
elastomeric material 19, contacted by the surface 
26, becomes one branch of the bridge circuit and 
the further portion 19a becomes another arm of the 
bridge circuit 

Springs can be provided, in parallel with the actu- 
ating member, to take some of the load under high 
load conditions. This is illustrated in Figure 11. The 



support member 10 Is extended at each end, the ex- 
tensions 38 being of reduced width relative to the 
main part of the support member. A projection 39 is 
attached on either side of the member 25 and 

6 springs 40 extend between the projections 39 and 
extensions 38. A limit stop can also be provided. 
This is shown in Figure 11, a screw 41 extending in 
the projection 39 and adjustable to abut against the 
extension 38. A fixed stop can be provided altema- 

10 tivery. 

it will be appreciated that the electrodes 1 1 and 12 
need not be extended round onto the other surface 
of the support member 10. The support member can, 
for example, be extended laterally and the leads at- 

16 tached to the electrodes on the same surface as 
carries the elastomeric material 

While the invention has been described and illus- 
trated with the elastomeric material supported on a 
flat, stationary support member, the invention can 

20 be applied in other ways. 

Thus, as Illustrated in Figure 12, the support mem- 
ber 10 can have a curved support surface 13, for 
example spherical. The actuating member 25 can 
then have a fiat surface 26. This can be a convert- 

25 lent arrangement for when the surface 26 is part of, 
or formed on, a moveable member of some appara- 
tus. Both the support surface 13 and surface 26 
can be curved. 
A further alternative, illustrated in Figure 13, has 

30 the elastomeric material mounted on the moveable or 
actuating member. Thus surface 26 becomes the 
support surface and contact is made between the 
elastomeric material and the electrodes 11 and 12, 
the layers moving sequentially into contact with the 

35 electrodes. While, In this example, the elastomeric 
material is shown mounted on a curved surface, the 
surface 26 can be fiat and the electrodes 11 and 12 
arranged to present a curved surface to the elasto- 
meric material. 

40 In yet another arrangement, the contact member 
25 can be a thin flexible member extending over the 
contact surface 21. The surface 26 can then be 
pushed into contact with the contact surface by 
pressure on the flexible member. Various other ar- 

45 rangements can be visualized, whereby the ex- 
posed edges of the layers of conductive material 
are contacted by a conducting surface or member, 
to sequentially vary the number of conductive lay- 
ers brought into an electrically parallel relationship. 

50 The invention provides a simple and very small 
transducer. Thus, for example, with a layer pitch of 
.005 inches, the size of a transducer can be 3 mm x 
3 mm x 5 mm and can give resistance changes from 
about 16 x 1 03 ohms to less than .44 x 103 ohms, with 

55 an actuating member displacement of about 0.4 mm. 
A typical elastomeric material is one sold by TECK- 
NIT of Cranford, New Jersey, under the trademark 
Zebra. The device has an analogue output, requires 
no amplification, and has no moving contacts for ob- 

60 structing the output signal. The invention has con- 
siderable use in robotics for measuring holding 
pressures and measuring small movements and simi- 
lar features. It is also applicable in handwriting rec- 
ognition devices for measuring pen pressures. In 

65 this example, the contact surface would be flexible. 
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The device can also be used as a switch If the Ini- 
tial area of contact is less than the gap 14 between 
electrodes. 



Claims 

1. An electro-mechanical transducer character- 
ized by a body of elastomeric material (1 9) composed 
of a plurality of alternate layers of flexible dielectric 
material (20) and flexible conductive material (21); 
two electrodes (11, 12) positioned on one side of the 
body of elastomeric material, the electrodes being 
spaced along an axis and in opposition to ends of 
the layers (20, 21):, the layers (20, 21) of elastomer- 
ic material (19) extending generally normal to the ax- 
is; electrical connections (17, 18) to the electrodes 
(11, 12), an input to one electrode and an output to 
the other electrode; an actuating member (25) posi- 
tioned on the other side of the body of elastomeric 
material (19) and having an electrically conductive 
surface (26) aligned with the axis and in opposition 
to ends of the layers (20, 21); movement of the actu- 
ating member (25) towards the electrodes (1 1 , 1 2) de- 
forming the body of elastomeric material (19) and 
successively connecting an increased number of 
layers of conductive material (21) In parallel be- 
tween the electrodes (11,12) through the conductive 
surface (26). 

2. A transducer as claimed in claim 1, character- 
ized by support member (10), the electrodes (11,12) 
and the elastomeric material (19) being mounted on a 
surface of thB support member (10). 

3. A transducer as claimed in claim 1, character- 
ized by the elastomeric material (19) being mounted 
on the actuating member (25). 

4. A transducer as claimed in claim 1 or 2, charac- 
terized by the elastomeric material (19) having a pla- 
nar contact surface (22) extending generally normal 
to the direction of the layers (20, 21), the actuating 
member (25) having a convex arcuate surface (26) 
opposed to the planar contact surface (22). 

5. A transducer as claimed In daim 4, character- 
ized by the actuating member (25) having a spheri- 
cal surface (26) opposed to the planar contact sur- 
face (22). 

6. A transducer as claimed In daim 1 or 2, charac- 
terized by the elastomeric material (19) having a con- 
vex arcuate contact surface (22), the actuating 
member (25) having a planar surface (26) extending 
generally normal to the direction of the layers (20, 
21). 

7. A transducer as daimed in claim 1 or 3, charac- 
terized by the elastomeric material (19) having a con- 
vex arcuate contact surface (22), the electrodes 
(11,12) extending in a plane generally normal to the di- 
rection of the alternate layers (20, 21). 

8. A transducer as daimed in any one of daims 1 
to 7, characterized by the electrodes (11,12) having 
opposed inner ends, the electrodes being of con- 
stant width. 

9. A transducer as daimed in any one of daims 1 
to 7, characterized by the electrodes (11, 12) having 
opposed inner ends, the electrodes being of varia- 
ble width. 



10. A transducer as daimed In daim 9, charader- 
tzed by each of the electrodes (11, 12) decreasing in 
width from an outer end towards the inner end. 

11. A transducer as daimed In daim 1, character- 
5 Ized by a lateral extension (19a) of the elastomeric 

material (19), one of the electrodes (11,12) being In 
contact with one surface of the lateral extension 
(19a) and a further electrode (35) in contact with an- 
other surface of the lateral extension (19a), the sur- 
10 faces of the lateral extension spaced in a direction 
normal to the direction of the layers (20, 21), the lat- 
eral extension (19a) forming a fixed resistance mem- 
ber. 

12. A transducer as daimed in claim 1, character- 
15 ized by the electrodes (11, 12) being mounted on a 

support member (10), and springs (40) extending be- 
tween the support member (10) and the actuating 
member (25). 

13. A transducer as daimed in claim 1, character- 
20 Ized by the electrodes (11, 12) being mounted on a 

support member (10) and adjustable stop means (41) 
positioned between the support member (10) and the 
actuating member (25). 

14. A transducer as daimed in daim 1, character- 
25 ized by a support member (10) having front and back 

surfaces, the electrodes (11, 12) mounted on the 
front surface and extending over side edges of the 
support member (10) onto the back surface, and 
electrical connections (17, 18) on said electrodes at 
30 said back surface. 



PatentansprQche 

35 1. Elektromechanischer Wandler, gekennzeich- 
net durch einen KSrper aus elastomerem Material 
(19), der aus einer Vielzahl abwechselnder Schich- 
ten aus flexibtem dielektrischen Material (20) und 
flexiblem leitfahfgen Material (21) zusammengesetzt 

40 1st; durch zwei an einer Seite des Korpers aus ela- 
stomerem Material angeordnete Elektroden (11, 12), 
wobe) die Elektroden in Querrichtung langs einer 
Achse Abstand aufweisen und den Enden der 
Schichten (20, 21) gegenuberiiegen und die Schich- 

45 ten (20, 21 } aus elastomerem Material (1 9) sich allge- 
mein senkrecht zu der Achse erstrecken; durch 
elektrische AnschlQsse (17, 18) zu den Elektroden 
(1 1,12), einem Eingang zu einer Eiektrode und einem 
Ausgang zur anderen Eiektrode; durch ein Betati- 

50 gungsglied (25), das an der anderen Seite des Kor- 
pers aus elastomerem Material (19) angeordnet 1st 
und eine mit der Achse ausgerichtete elektrisch lei- 
tende Flache (26) gegenOber den Enden der Schich- 
ten (20, 21) besitzt; wobei eine Bewegung des Betati- 

55 gungsgliedes (25) zu den Elektroden (11,12) hin den 
Korper aus elastomerem Material (19) verformt und 
nacheinander eine ansteigende Anzahl von Schich- 
ten leitenden Materials (21) parallel zwischen den 
Elektroden (11, 12) durch die leitende Rache (26) 

60 verbindet. 

2. Wandler nach Anspruch 1, gekennzeichnet 
durch ein StOtzglied (10), wobei die Bektroden (11, 
12) und das elastomere Material (19) an einer Rache 
des StutzgRedes (10) angebracht sind. 

65 3. Wandler nach Anspruch 1, dadurch gekenn- 
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